Abstract. An immunohistochemistry technique was developed for the diagnosis of porcine epidemic diarrhea virus (PEDV). The technique was tested on formalin-fixed, paraffin-embedded intestinal tissues from piglets naturally infected with PEDV. Five different monoclonal antibodies (MAbs) were tested in this study. PEDV antigen was consistently detected in the PLP (4% paraformaldehyde, 100 mM L-lysine dihydrochloride, 10 mM sodium m-periodate in phosphate-buffered saline)-fixed PEDV-infected Vero cells or formalin-fixed, paraffinembedded intestinal tissues from piglets naturally infected with PEDV. The C9-2-2 MAb gave the strongest reactivity and least background staining, detecting 10 of 10 infected pigs. The positive reaction was cytoplasmic. Positive enterocytes were distributed over the tip and along the sides of atrophied or fused villi in the jejunum and ileum. Positive-staining cells were not detected in the crypts. No staining was observed in cecum and colon. No positive cells were observed when the C9-2-2 MAb was reacted with the tissue sections from noninfected piglets or from transmissible gastroenteritus virus (TGEV)-and rotavirus-infected piglets. The selected anti-PEDV MAbs tested on formalin-fixed, paraffin-embedded tissue sections are useful for diagnosis when virus isolation is not available. This method would be of particular value in countries where both PEDV and TGEV are epizootic and would aid in differentiating between PEDV and TGEV infection.
lates injected into porcine intestinal loops have produced a decrease in the activity of brush border enzymes, suggesting a maldigestion/malabsorption mechanism. 6 Porcine epidemic diarrhea (PED), caused by PED virus (PEDV) is an infectious and highly contagious viral disease of pigs. PEDV is a member of the family Coronaviridae. PEDV is related to transmissible gastroenteritis virus (TGEV) and bears similarities in its structure as well as in the clinical disease and lesions induced. Preweaned piglets are the most susceptible to PEDV, and mortality rates in this age group often approach 95%. 1, 6 PED was first reported independently in Belgium and the United Kingdom in 1978. 14, 18 Since then, several outbreaks of the disease have been reported in many swine-raising countries, most notably in Europe and Korea. 3, 12, 13 Similar to TGEV, PEDV replicates in the enterocytes covering the small intestine villi; 4, 5 however, the 2 viruses are clearly distinct entities. Strikingly, PEDV is unable to grow in porcine cell cultures permissive to the growth of TGEV. 11 PEDV is more closely related to the human respiratory coronavirus HCV 229E than to TGEV on the basis of amino acid sequence of membrane protein. 6 Routine diagnostic methods to confirm PEDV infection are virus isolation or direct fluorescent antibody (FA) test. Isolation of PEDV in cell culture is difficult. 14 Sensitivity of FA tests has been limited in some cases where the clinical history and lesions suggest infection. 2 PEDV antigen has been detected by polyclonal-antibody-based immunohistochemical procedures in intestinal villus enterocytes. 17 However, no one has reported detection of PEDV antigen by monoclonal antibody (MAb)-based immunohistochemistry. The advantages of MAb-based detection of viral pro-teins over the use of polyclonal antisera have been outlined. 10, 16 The use of MAbs decreases possibilities for error caused by antigenic cross-reactivity or by nonspecific background staining. 8 Other advantages include indefinite availability of large quantities of identical antibodies and ease of standardization of MAbbased assays.
The objectives of the present study were to develop a suitable diagnostic tool for the detection of PEDV antigens directly from formalin-fixed, paraffin-embedded intestinal tissues and to evaluate the reactivity of five MAbs in intestinal sections.
Ten piglets (nos. 1-10) approximately 3-10 days of age, from 10 different herds, were selected on the basis of clinical signs, characteristic pathological lesions, and positive direct immunofluorescent antibody tests for PEDV infection. Specimens were obtained from the necropsy cases of the Department of Veterinary Pathology, College of Veterinary Medicine, Seoul National University. All piglets were submitted alive and samples were collected at necropsy. Negative tissue controls were collected from a healthy 1-day-old colostrum-deprived piglet and piglets that had been naturally infected with TGEV or rotavirus.
PEDV-infected and noninfected Vero cell cultures were used as the starting material for optimization of immunohistochemistry. The cell-culture-adapted strain V215/78 PEDV, kindly provided by Dr. M Ackermann, University of Zürich, was grown in Vero cells with 2 well chamber slides a as previously described. 11 After 12-24 hours of incubation at 37 C, when cytopathic effect was detected in 95% of the cells, medium was discarded, wells were rinsed with phosphate-buffered saline (PBS, 0.1 M, pH 7.4), and cells were fixed by adding PLP (4% paraformaldehyde, 100 mM Llysine dihydrochloride, 10 mM sodium m-periodate in PBS) for 5 minutes at room temperature. After fixation, the chambers were removed, and wells were rinsed twice with PBS for 5 minutes and dehydrated through an ethanol series (70, 80, 100%; 5 minutes each concentration). The dehydrated slides were stored at 4 C until used. Controls included TGEV (Purdue strain)-infected Crandell feline kidney (CRFK) cells b and noninfected Vero and CRFK cells.
For immunohistochemical evaluation, specimens of jejunum, ileum, cecum, and colon from each piglet were collected in 10% neutral buffered formalin and embedded in paraffin. Tissues were processed for histological examination by routine methods, sectioned at 4 m, and placed on poly-L-lysine-coated glass microscope slides. Tissues were deparaffinized with xylene, rehydrated through graded alcohols, and then air dried. Endogenous peroxidase was quenched with absolute methanol containing 1% hydrogen peroxide for 1 hour. All slides were then treated with 0.01% protease XXIV c in PBS (0.1 M, pH 7.4) for 2 minutes at room temperature. All sides were incubated with 10% normal horse serum d (NHS) and 3% bovine serum albumin mixture (ratio 1:20) in PBS (0.1 M, pH 7.4) for 1 hour at room temperature to saturate nonspecific protein-binding sites. Each of the 5 MAbs was diluted in PBS containing 2% NHS and 0.3% Triton X c at 1:50, 1:100, and 1:250. Three MAbs (C9-2-2, C41-5, and C5-60) reacted with 30-kD of a membrane protein of PEDV, and 2 MAbs (P14 and P16) reacted with 180-kD of a spike protein of PEDV by western blotting analysis. The slides were incubated overnight at 4 C in a humidity chamber.
After 3 The results from the reactivity of 5 MAbs are summarized in Table 1 . The best choice and combination of dilutions of different MAbs used in this staining technique were determined by using the PLP-fixed PEDV-infected Vero cells and formalin-fixed, paraffinembedded jejunal tissues from piglets naturally infected with PEDV. PEDV antigen was consistently detected in the PEDV-infected Vero cells and formalinfixed, paraffin-embedded jejunal tissues from piglets naturally infected with PEDV with each of the MAbs. No positive-staining cells were detected in the mockinfected Vero and TGEV-infected CRFK cells. C9-2-2 MAb showed the strongest reactivity and least background staining at dilutions of 1:100 in PBS (0.1 M, pH 7.4) and incubated overnight at 4 C. Distinct cell outlines were visualized, and the nucleus was distinguishable because of its lack of staining. Nonspecific staining and endogenous peroxidase did not interfere with the interpretation of specific staining. Background staining of tissues was increased by using each of the MAbs diluted 1:50 in PBS (0.1 M, pH 7.4). Reactivity of tissues was decreased by using each of the MAbs except C9-2-2 MAb diluted 1:250 in PBS (0.1 M, pH 7.4).
Results of immunohistochemistry are summarized in Table 2 . In the retrospective study, all 10 piglets naturally infected with PEDV were positive for PEDV by immunohistochemistry with C9-2-2 MAb diluted 1:100 in PBS (0.1 M, pH 7.4). Although the labeling intensity varied within and between anatomical structures in any one section and between piglets, jejunal villus enterocytes had stronger positive staining than ileal villus enterocytes. Positive enterocytes were distributed over the tip and along the sides of atrophied or fused villi in the jejunum (Fig. 1) and ileum (Fig.  2) . The specific positive reaction was characterized by the presence of brown-staining in the cytoplasm of the infected cells (Fig. 2) . Positive-staining cells were not detected in epithelial cells lining the crypts of Lieberkühn. Background was low, and the high contrast of positive cells was not altered by hematoxylin counterstain. No positive staining was observed in cecal and colonic enterocytes in any of 10 piglets. No positive cells were observed when the C9-2-2 MAb was reacted with the tissue sections from noninfected piglets or from TGEV-and rotavirus-infected piglets.
The results of this study demonstrated that PEDV antigen can be detected in formalin-fixed, paraffin-embedded tissue specimens of piglets in the acute form of the disease with a MAb directed against PEDV membrane protein. The identification of viral antigen in tissues of all 10 piglets was similar and indicated that a high membrane protein load was present in the cytoplasm of villus enterocytes. This finding is consistent with ultrastructural studies. 7, 15 Formalin fixation of tissues allows veterinary practitioners to ship swine intestinal samples for PEDV identification in a wellpreserved, noninfectious state. Retrospective diagnoses also can be made because antigens are usually sta- ble indefinitely in formalin-fixed, paraffin-embedded tissues. 8, 9 Specific MAbs tested with routine samples have given satisfactory results. Formalin fixation and paraffin embedment had no influence on MAb reactivity, indicating that the viral epitopes were not destroyed. Immunohistochemical detection of PEDV antigen in formalin-fixed, paraffin-embedded tissues provides a rapid means of confirmation of a histopathological diagnosis of PEDV because PEDV is difficult to isolate in cell culture. 11 The assay described in this paper successfully detected PEDV antigen in porcine intestinal tissues. The selected anti-PEDV MAbs tested on formalin-fixed, paraffin-embedded tissue sections were particularly useful for diagnosis when no corroborating evidence, such as viral isolation, was available. This method would be of particular value in countries where both PEDV and TGEV are epizootic and where it is often difficult to differentiate between PEDV and TGEV infection for diagnostic purposes. Aerotolerant Campylobacter-like organisms were first isolated from aborted bovine and porcine fetuses in the 1970s. 2, 3 These organisms were designated a single species, Campylobacter cryaerophila, on the basis of aerotolerance and the ability to grow at 25 C. 9 In 1991, after extensive DNA homology studies, the species Campylobacter butzleri was proposed for the aerotolerant Campylobacter-like organisms isolated from human enteritis. 7 On the basis of that study, two distinct groups of Campylobacter cryaerophila, 1A and 1B, were identified. In 1992, the genus Arcobacter was proposed to encompass the aerotolerant microorganisms of 4 species: Arcobacter nitrofigilis, A. cryaerophilus, A. butzleri, and A. skirrowii. 14, 16 The species of Arcobacter associated with human or animal disease are Arcobacter, A. cryaerophilus (groups 1A and 1B), and A. skirrowii. Of these, A. butzleri is isolated most frequently from human infections.
Arcobacter butzleri has been isolated from water, poultry, and ground pork, all of which pose a risk for human infection. 1, 6, 12, 18 Previous studies have detected Arcobacter in ground pork samples obtained from midwest slaughter facilities, with recoveries from the 5 plants ranging from 0 to 90%. 1 Whether management practices at the source farms or the sanitary conditions during slaughter influenced the prevalence of Arcobacter spp. in ground pork was not determined.
Aerotolerant Campylobacter-like organisms have been isolated from aborted and normal porcine fetuses, sows with reproductive problems, and clinically healthy specific-pathogen-free pigs. [2] [3] [4] [5] 9, 10, 17, 18, 20 In one study, 90% of Campylobacter spp. isolated from fetuses and 78% of Campylobacter spp. isolated from porcine vaginal swabs were identified as C. cryaerophila. Strains from reproductively impaired and from normal sows were similar antigenically, suggesting that strains associated with infertility are opportunistic pathogens that colonize the fetus after placental damage. 17 The first isolations of Arcobacter spp. in the US were from pigs with reproductive problems in North Carolina in 1992. 4 Late term abortions (ϳ90-105 days of gestation), repeat breedings, and a higher than usual rate of stillbirths
